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Mangrove forest in the context of climate change is important sector to be included in the inventory of greenhouse gas 
(GHG) emissions. The present study describes land-use and land-cover change during 2006–2012 of a mangrove 
forest conservation area, Karang Gading and Langkat Timur Laut Wildlife Reserve (KGLTLWR) in North Sumatra, 
Indonesia and their implications to carbon dioxide emissions. A land-use change matrix showed that the decrease of 
mangrove forest due to increases of other land-use such as aquaculture (50.00%) and oil palm plantation (28.83%). 
-1
Furthermore, the net cumulative of carbon emissions in KGLTLWR for 2006 was 3804.70 t CO -eq year , whereas 
2
-1
predicting future emissions in 2030 was 11,318.74 t CO -eq year  or an increase of 33.61% for 12 years. Source of 
2
historical emissions mainly from changes of secondary mangrove forests into aquaculture and oil palm plantation 
-1 -1
were 3223.9 t CO -eq year  (84.73%) and 959.00 t CO -eq year  (25.21%), respectively, indicating that the 
2 2
KGLTLWR is still a GHG emitter. Mitigation scenario with no conversion in secondary mangrove forest reduced 
16.21% and 25.8% carbon emissions in 2024 and 2030, respectively. This study suggested that aquaculture and oil 
palm plantation are drivers of deforestation as well as the largest of GHG emission source in this area. 
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Introduction
Indonesia is one of the world's great mangrove nations, 
which is 22.6% of the total global mangrove area. However, 
the Indonesian mangrove area has been degraded from 4.2 
million in 1980 to only 3.1 million in 2011 (Giri et al. 2011). 
Mangrove forests are ecologically and economically 
important and among the most carbon-rich ecosystems in the 
tropics (Donato et al. 2011; Alongi 2014). Mangrove forest 
plays a vital role in the biogeochemical carbon cycle and 
climate regulation and to contributing potentially in reducing 
greenhouse gas emissions and facilitating counterbalance 
anthropogenic CO  emissions (Bouillon 2011; Siikamaki et 
2
al. 2012; Alongi 2014). Mangrove forests in North Sumatra 
exist in the east coastal of Sumatra Island generally in Karang 
Gading and Langkat Timur Laut Wildlife Reserve 
(KGLTLWR) and are rapidly threatened due to 
anthropogenic activities such as conversion for aquaculture, 
oil palm plantation, filling and use of mangrove for urban 
development (Ilman et al. 2011; Basyuni et al. 2012, 2014).
Indonesia has declared its commitment to reduce 
emissions by 26–41% in 2020 (Boer et al. 2009). More than 
50% of the emission reduction target is intended to come 
from the land-use, land-use-change and forestry sector 
(LULUCF). The conversion of tropical forest including 
mangrove forest led to increasing GHG emission by land-
use/land-cover changes and the drivers of deforestation and 
forest degradation (DeFries & Rosenzwig 2010; Miettinen et 
al. 2011; Houghton 2012; Margono et al. 2012). Due to large 
geographic coverage in Indonesia, potential reduced 
emissions from land-based sector are implemented in 
provincial and regency levels through Regional Action Plan 
for Greenhouse Gas Emissions Reduction (Rencana Aksi 
Daerah Penurunan Gas Rumah Kaca/RAD GRK)  
Land-use and land-cover maps are fundamental towards 
coastal management planning and practice and systematic 
steps to calculate historical emissions, predicting future 
emissions as well as mitigating actions for emission 
reduction scenario by integrating land-based map and 
regional action plans (Prasetyo et al. 2008; Johana & Agung 
2011; Johana et al. 2013). Nonetheless, carbon emissions 
from mangrove forest conversion at regency level are poorly 
reported in Indonesia. In order to get more insight into the 
dynamic of mangrove ecosystem, setting the land-use policy 
and developing sustainable mangrove management in 
KGLTLWR, Deli Serdang and Langkat Regencies, North 
Sumatra Province, mapping and analyzing the land-use and 
land-cover change between 2006 and 2012 in relation to 
carbon dioxide emissions was attempted. 
Study area The study was conducted in KGLTLWR, North 
Sumatra Province, a mangrove conservation forest covering 
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area of about 13,431.96 ha. The wildlife reserve is situated at 
03º 51' 0''–03º 59' 45'' North latitudes, and between at 98º 
30'–98º 42' East longitudes (Figure 1). Regionally, 
KGLTLWR covers 2 regencies (kabupaten), namely Deli 
Serdang and Langkat, and 4 districts (kecamatan), namely 
Labuan Deli, Hamparan Perak, Tanjung Pura, and 
Secanggang. Formerly, the status of this site was as 
production forest with register 2/L according Deli Empire 
(Kesultanan Negeri Deli) Decision No. 148/PK, issued on 
August 6, 1932 and has been approved by the Governor of the 
Pesisir Timur Pulau Perca on 24 September 1932. The 
KGLTLWR was established under the Ministry of 
Agriculture Decree No. 811/Kpts/Um/11/1980, issued on 
November 5, 1980. The site was designed for mangrove flora 
and fauna conservation.
Dataset Land-use and land-cover data period 2006–2012 of 
KGLTLWR was obtained from Indonesia Republic of 
Ministry of Forestry (MoF), while Landsat 7 Enhanced 
Thematic Mapper Plus (ETM+) satellite image dated on July 
24, 2006 and May 27, 2012 were acquired from USGS 
(http://glovis.usgs.gov/). The Regional Land-use Plan 
(Rencana Tata Ruang Wilayah/RTRW) map of North 
Sumatra Province provided the spatial planning zone of this 
wildlife reserve area year 2012 (dated on March 30, 2012) 
was derived from Development Planning Agency (Badan 
Perencanaan Pembangunan) of North Sumatra Province.  A 
planning zone, basically denotes any land-use change 
process, was recorded and the zone contains factor affecting 
activity to develop appropriate mitigation actions. Zonation 
in this study is developed on spatial-based integration 
between various formal district planning documents such as 
the Long-Term Development Plan (Rencana Pembangunan 
Jangka Panjang/RPJP), Mid-Term Regional Development 
Plan (Rencana Pembangunan Jangka Menengah 
Daerah/RPJMD), Regional Government Work Plan 
(Rencana Kerja Pemerintah Daerah/RKPD), forestry land 
status (Tata Guna Hutan Kesepakatan/TGHK), land-use 
permits, and bio-physical elements (Johana et al. 2013). The 
KGLTLWR planning zone is depicted in Figure 2 and their 
definitions is shown in Table 1.
Analysis of land-use and land-cover changes 
Interpretation of the landsat images was conducted by 
applying supervised classification with maximum likelihood 
algorithm as previously reported (Donoghue & Mironnet 
2002). Image pre-processing, process of image 
interpretation, image classification, and change detections 
were performed by ERDAS Imagine 8.7 (ERDAS, Atlanta). 
Ground check was conducted by employing Global 
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Figure 2 Map of KGLTLWR planning zone for estimating carbon emission and mitigation actions. Integrated map of land-
use/land-cover and regional spatial land-use planning.
Table 1 Planning zone and general definition at Karang Gading and Langkat Timur Laut Wildlife Reserve
Zone Width (ha) Fraction (%) General definition 
Protection forest 116.57 0.87  An area of forest that the main function as life support system by 
means of managing the water, control flooding and erosion, intrusion 
 of sea water and maintenance  soil fertile. 
Production forest 1,174.99 8.75  An area of forest that the main function to produce forest products. 
This function is divided into two categories called definitive 
production forest and limited production forest. 
Nature reserve 10,361.30 77.14  An area with particular characteristic for biodiversity preservation  of 
flora, fauna and its ecosystem and also use as life support system. 
Settlement
 
120.19
 
0.89
 
An areal occupied by housing/permanent residents including road 
networks and other facilities.
 
Agriculture
 
208.40
 
1.55
 
An area for production of food, feed, and fiber commodities, livestock 
and poultry, bee. 
Perennial plant 1,450.51 10.80  An area consist of plant with a single, well defined stem carrying a 
more-or-less-defined crown, including oil palm, rubber. 
Total 13,431.96 100.00    
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Positioning System (GPS) to collect information of recent 
land-use/land-cover. The information was used as guidance 
for image geometric correction and image rectification. 
In order to increase size of the samples used in 
classification accuracy assessment, the layer with field-
checked sites was then overlaid on the corrected satellite 
images, and uniform polygons with parallel spectral 
reflecting to be selected randomly in many of band 
combinations. The supervised classification also was 
supported by supplementary information from the digital 
land-use map, forest cover maps, Google Earth, and field 
survey data. The accuracy of classified map in this study was 
checked by the resultant layer of polygons (Donoghue & 
Mironnet 2002).
The extensive field survey was carried out from July 5 to 
August 4, 2012 to verify ground truth points using the GPS. 
To improve the mapping accuracy, ecological information in 
a GIS package was combined with topological rules to the 
classified satellite data (Long & Skewes 1996). A standard 
error matrix of classification validation was determined from 
the output map as the row and the ground truth points as the 
column in the matrix (Lunetta et al. 1991). 
Geographic Information System (GIS) analysis was 
carried out by ArcGIS 9.3.1 and ArcView 3.3 (ESRI, USA). 
After accuracy assessment, the classified images were then 
exported to the GIS facilities to produce land-use and land-
cover map. Land-use and land-cover classifications in this 
study were taken from the MoF, Government of Indonesia 
published in 2012 containing 23 land-use/land-cover 
categories and 2006 Intergovernmental Panel on Climate 
Change (IPCC) Guidelines for National Greenhouse Gas 
Inventories Volume 4: Agriculture, Forestry and Other Land-
use (IPCC 2006). However, minor modified was made to 
meet consistent land-use/land-cover categories accordingly. 
At last, 9 land-use/land-cover categories have been identified 
in this study. The land-use/land-cover classes consist of 
shrub, oil palm plantation, water, secondary mangrove forest, 
swamp shrub, mixed dryland farming, paddy field, 
aquaculture (tambak), and swamp. Their general description 
was summarized in Table 2. 
Field observations and carbon stock measurements In 
order to identify land-cover class in the study area, field 
observations in both Deli Serdang Regency and Langkat 
Regency were carried out. The information from the fields 
was used in coincidence with satellite imagery categories. 
GPS data were collected to create GPS coordinates for each 
class of land-use. The combination of various data such as 
land-cover data, structure and composition of existing 
species were purposely sampled. Furthermore the estimation 
of oil palm plantation and agriculture plant ages were made 
by interviewing with local communities. This information 
was important during land-use/land-cover classification of 
satellite imagery data (Prasetyo et al. 2008)  
The biomass of each class of land-cover was measured 
using species-specific allometric equations with dbh as the 
independent variable (Appendix Table 1), except for 
understorys and mixed agriculture plants, the biomass was 
measured using the harvest method. Position of understorys 
and mixed agriculture plants sampling within the plot of 200 
2
m  (5×40 m) that consisted of 5 plots. All vegetation less than 
5 cm dbh, herbs, grasses, flower, and fruits were harvested 
2
within 1×1 m , and then weighed fresh and weighed again 
after oven-draying as previously described (Hairiah et al. 
2010).  The carbon stock of each land-cover was determined 
by converting the biomass value into carbon stock by 
multiplying them by 0.5 (Laumonier et al. 2010; Saatchi et 
al. 2011). The carbon stock of land-use/land-cover in 
KGLTLWR used in this study is displayed in Table 3. 
Combination between transect and line compartment 
method was used for vegetation analysis (Kauffman & 
Donato 2012).
Greenhouse gas (GHG) measurements and developing 
mitigation scenario The REDD Abacus SP software 
version 1.1.7 (Harja et al. 2011) developed by the World 
 
 
  
  
 
Land use/land cover  General description 
Shrub  An area of land covered mainly with shrubby plants and/crops. 
Oil palm plantation  A cultivating oil palm in the plantation area. 
Water  An area covered by water such as  ocean, river, estuarine. 
Secondary mangrove forest A mangrove forest that has been logged and has recovered naturally  
 artificially and forest cover has regenerated naturally or or 
artificially through planting.  
Swamp shrub  A type of freshwater wetland ecosystem occurring in areas too wet 
to forested swamps, but too dry or too shallow to be marshes. 
Mixed dryland farming  An area cultivating a variety of food crop and vegetables. 
Paddy field  A rice agriculture cultivating area. 
Aquaculture  An area of traditional and modern fish and shrimp pond. 
Swamp  An area of forested wetland, occuring along large rivers, covered by 
aquatic vegetation, or vegetation that tolerates periodical inundation. 
 
Table 2 Land-use/land-cover classifiction and their general description
  
 
 
 
  
 
Appendix Table 1 Allomteric equations to  determine biomass in this study
Table 3 Carbon stock of land use/land-cover in KGLTLWR 
Land use/land-cover Carbon stock (t  ha )
-1
 
Shrub
 
16.86
 
Oil palm plantation
 
22.96
 
Secondary mangrove forest
 
45.03
 
Mixed dryland farming
 
20.14
 
Paddy field
 
12.49
 
Aquaculture
 
10.30  
 
  
   
          
 
    
 
 
 
 
 
 
 
 
 
 
  
  
 
  
 
   
Species Equation Reference
Rhizophora apiculata AGB = 0.235DBH
2.42 
Ong et al. 2004
BGB = 0.00698DBH
2.61 
  
Ong et al. 2004
 
R. mucronata
 
AGB = 0.128DBH
2.60 
 
Fromard et al. 1998
 
BGB = 0.00974(DBH
2
H)
1.05
   
Ong et al. 2004
 
Exoecaria agallocha
 
AGB = 0.251pDBH
2.46 
from 
 
Komiyama et al. 2008
 
BGB = 0.199p0.899DBH
2.22
 
 
Komiyama et al. 2008
 
Sonneratia alba
 
AGB = 0.3841pDBH
2.101 
 
Kauffman & Donato  2012
 
BGB = 0.199p0.899DBH
2.22
  
Komiyama et al. 2008
 
Avicennia alba
 
AGB = 0.251pDBH
2.46 
 
Komiyama et al. 2008
 
BGB = 0.199p0.899DBH
2.22 
 
Komiyama et al. 2008
 
A. lanata
 
AGB = 0.251pDBH
2.46 
 
Komiyama et al. 2008
 
BGB = 0.199p0.899DBH
2.22 
 
Komiyama et al. 2008
 
Aegiceras corniculatum
 
AGB = 0.251pDBH
2.46 
 
Komiyama et al. 2008
 
BGB = 0.199p0.899DBH
2.22
 
Komiyama et al. 2008
 
Bruguiera gymnorrhiza
 
AGB = 0.186DBH
2.31 
 
Clough & Scott 1989
 
BGB = 0.00188(DBH
2
H)
0.909 
 
Tamai et al. 1986
 
B. parviflora
 
AGB = 0.168DBH
2.42
  
Clough & Scott 1989
 
BGB = 0.00188(DBH
2
H)
0.909
 
Tamai et al. 1986
 
Xylocarpus granatum
 
AGB = 0.0823DBH
2.59 
 
Clough & Scott 1989
 
BGB = 0.145(DBH
2
H)
2.55
   
Poungparn et al. 2002
 
Elaeis guineensis 
 
AGB = 0.0976H + 0.0706
 
Hairiah et al. 2010
 
 
  
 
 
 
 
  
 
AGB = above-ground biomass (kg)
BGB = below-ground biomass (kg)
DBH = diameter at breast height (cm)
p  = wood density (g cm
-3
)  
H = height (m)  
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Agroforestry Center was used to measure the GHG 
emissions from land-use/land-cover of KGLTLWR. This 
carbon dioxide emission requires a dataset on carbon stock 
levels as emission factor for each land-use category (Table 
3). Thus, the approach of emission was calculated from 
carbon stock difference in landscape level of land-use. As 
shown on Figure 2, integrating the development plan unit 
with the KGLTLWR land-use/land-cover enabled us to 
identify emission source, estimate the historical emissions, 
predict future emissions and determine emission, reduction 
scenario (Johana & Agung 2011). 
Developing mitigation scenario to reduce carbon dioxide 
emission was carried using the REDD Abacus SP software 
based on zones that significantly contributing to the 
emission, namely nature reserve (hutan suaka alam), where 
major land-use/land-cover changed in this study (Table 1, 
Figure 2). A step by step scenario was developed for the land-
use of nature reserve, with the main activities to rule out land 
conversion from secondary mangrove forest through 
reforestation and rehabilitation activities.
Carbon stock estimation Concerning the carbon stock 
estimation of land-use/land-cover in this study is 
-1
summarized in Table 3, it ranged 10.30–45.03 t C ha , with 
the highest and the lowest in secondary mangrove forest and 
aquaculture, respectively. On the other hand, intensive land-
use such as oil palm plantation and mixed dryland farming 
had carbon stock half of secondary mangrove forest (Table 
3). This result suggested maintaining the presence of 
secondary mangrove forest with relatively high carbon 
sequestration potency. Our result also supported previous 
reports that mangroves are among the most carbon-rich in the 
-1
tropics, around 1,000 Mg C ha  mostly derived from soil 
-1 -1
(600–700 Mg C ha ), below ground (200 Mg C ha ), and 
-1
above ground (100–150 Mg C ha ) (Donato et al. 2011; 
Alongi 2014).
Results and Discussion
Land-use/land-cover changes between 2006 and 2012 
The maximum likelihood supervised classification led to 
classify land-use/land-cover in KGLTLWR. The land-
use/land-cover changes in KGLTLWR in period 2006–2012 
are depicted on Figure 3 and Table 4. Our current study found 
3 land-covers during 2006–2012, namely secondary 
mangrove forest, shrub, and swamp, decreased significantly 
by 213.62 ha (39.4%), 31.47 (5.8%), and 25.92 ha (19.29%), 
respectively (Table 4). No change was noted in land-
use/land-cover of water, swamp, shrub, and paddy field 
during 2006–2012 (Figure 3, Table 4).
Main changes of land-use/land-cover and their 
proportion is shown in Table 5. The total of 271.01 ha of 
land-cover was changed during 2006–2012 involved 5 land-
use/land-cover change, i.e. shrub, secondary mangrove 
forest, swamp, oil palm plantation, and aquaculture. 
Secondary mangrove forest decreased dramatically, by as 
much as 216.62 ha, changed into aquaculture of 135.48 ha 
(50.00%) and oil palm plantation of 78.14 ha (28.83% ). 
Shrub also contributed to the increase land-use of oil palm 
plantation of 31.47 ha (11.61%). Whereas, swamp area as 
25.92 ha (9.56%) altered to aquaculture (Table 5). On the 
other hand, in this wildlife reserve area, during 2006–2012, 
the increases of intensive land-use occurred, namely 
aquaculture of 161.39 ha (59.56%) and oil palm plantation of 
109.61 ha (40.44%). Our current results drive some 
attentions with reference to the conversion of mangrove into 
intensive land-use during 2006–2012. There are some 
explanations. First, aquaculture and oil palm plantation were 
found as a main source of mangrove deforestation. Second, 
oil palm plantation grew very rapidly in the same period. 
An analysis of agricultural and deforestation statistics for 
the period 1990–2005 showed that more than half of oil palm 
plantation in Indonesia including in North Sumatra had 
resulted in deforestation (Koh & Wilcove 2008b). Our 
current results are consistent with previous report that 
agriculture expansion mainly oil palm estate has been shown 
as main driver of forest cover loss in Sumatra during 
2000–2010 (Margono et al. 2012). Our findings also 
  
 
     
 
 
 
 
  
 
     
 
  
 
 
 
 
Land use/land-cover
Land use 2012 (ha)
classification Shrub Oil palm Water Secondary Swamp Mixed 
dryland
Paddy Aquaculture Swamp Total
  
plantation
 
body
 
mangrove 
forest
 
shrub
 
farming
 
field
   
L
a
n
d
 u
s
e
 2
0
0
6
 (
h
a
)
Shrub 1,704.49
 
31.47
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00 1,735.96
Oil palm plantation
 
0.00
 
1,061.24
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00 1,061.24
Water 0.00
 
0.00
 
39.58
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00 39.58
Secondary mangrove forest
 
0.00
 
78.14
 
0.00
 
644.49
 
0.00
 
0.00
 
0.00
 
135.48
 
0.00 858.11
Swamp shrub
 
0.00
 
0.00
 
0.00
 
0.00
 
6,697.76
 
0.00
 
0.00
 
0.00
 
0.00 6,697.76
Mixed dryland farming
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
63.51
 
0.00
 
0.00
 
0.00 63.51
Paddy field
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
131.04
 
0.00
 
0.00 131.04
Aquaculture
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
2,788.43
 
0.00 2,788.43
Swamp 0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
0.00
 
25.92
 
30,40 56,32
Total 1,704.49
 
1,170.85
 
39.58
 
644.49
 
6,697.76
 
63.51
 
131.04
 
2,949.82
 
30,40 13,431,96
Table 4 Land-use change matrix of KGLTLWR between 2006 and 2012
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supported the previous report (Ramdani & Hino 2013) that 
palm oil plantation was the main driving force of tropical 
deforestation at Riau Province in the early stages. 
Development of oil palm plantation in mangrove forest also 
was noted, however, the conversions area was small 
(Ramdani & Hino 2013). Our findings were subsequently 
confirmed by time-series Landsat data that indicated the 
deforestation rate of mangrove forest during 2000–2005 was 
the highest in Indonesia (0.75%), mainly because of the 
expansion aquaculture (63%), agriculture (32%), and urban 
development (5%) (Giri et al. 2008). However, unlike in this 
study, conversion to agriculture is the major cause of 
mangrove deforestation in other areas of Asia such as 
Thailand (50%), Burma (98%), Bangladesh (77%), India 
(50%), and Sri Langka (92%) (Giri et al. 2008).   
Conversion to aquaculture is major cause of mangrove 
deforestation in Indonesia including in this study (Table 5). 
Shrimp aquaculture or fish pond has been one of the reasons 
for mangrove conversion (Primavera 2006). Capital 
investors have viewed mangrove forest as a common access  
resources and aquaculture as a means to increase their returns 
(Bosma et al. 2014). However, within some years of 
converting mangroves to shrimp pond, farmers have found 
their returns fallen as well as negative environmental impacts 
(Primavera 2006; Bosma et al. 2014). In this regards, several 
shrimp aquaculture either extensive or semi-extensive have 
been abandoned by the farmers in nature reserve zone of 
KGLTLWR. Moreover, conversion of mangrove forests to 
aquaculture in this area is without considering the fact that 
the total economic value of intact mangrove forests is often 
higher than that of shrimp farming (Balmford et al. 2002). 
To create balance condition between conserving 
mangrove forest and offering better livelihood for local 
communities surrounding mangrove forest, silvofisheries 
(tambak tumpang sari) have been developed, especially in 
Java (Sukardjo 1989). The mixed mangrove-aquaculture on 
land managed by State Forest Corporation (PT Perhutani) to 
benefit rural communities, to increase mangrove plantation 
and to reduce erosion (Sukardjo 1989; Sutida 2000). It has 
been suggested by Primavera (2006) that mangroves and 
aquaculture are not necessarily incompatible. Such 
mangrove-friendly aquaculture is amenable to small-scale, 
family-based operation and may be adopted in mangrove 
conservation site (Primavera 2006). Silvofisheries may be 
applied in KGLTLWR especially in the zone of agriculture 
that consist of 208.40 ha (Table 1). In the mangrove-friendly 
aquaculture were planted with mangroves to provide 
firewood, fertilizers and protection from wave. The mixed 
mangrove-aquaculture system have various beneficial such 
as low capital provision, livelihood diversification through 
polyculture, provision of regular income and the recognition 
as an organic farming practice (Bosma et al. 2014).
Carbon dioxide emissions from KGLTLWR Mangroves 
are of particular importance for biogeochemical recycling of 
carbon and associated elements along the tropical coastal 
region. The findings of main drivers of forest cover loss, 
from land-use of aquaculture and oil palm plantation were 
paralleled with the net cumulative CO  historical emissions 
2
detected during 2006–2012 (Table 6). Source of historical 
emissions mainly from the changes from secondary 
mangrove forests into aquaculture contributed of 3,223.9 t 
-1
CO -eq year  (84.73%), followed by changing of secondary 
2
mangrove forests into oil palm plantations of 959.00 t CO -
2
-1
eq year  (25.21%). This result indicates that the KGLTLWR 
is still a GHG emitter (Table 6). Furthermore our study 
suggested that aquaculture and oil palm plantation are driver 
of forest cover loss as well as the largest source of CO -eq 
2
emissions in KGLTLWR. 
It is also important to note that changes from shrub to oil 
palm plantation and swamp to aquaculture led negative net 
-1
emissions of -182.42 t CO -eq year  and -195.76 t CO -eq 
2 2
Figure 3 Land use and land-cover of KGLTLWR between 2006 (a) and 2012 (b).
Aquaculture
Mixed dryland farming
Dryland farming
Oilpalm plantation
Paddy field
Secondary mangrove forest
Shrub
Swamp
Swam shrub
Water
31
(a) 2006
(b) 2012
Note:
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year , respectively, suggesting palm trees and plants nearby 
aquaculture that used degraded lands absorbed the amount of 
CO through carbon sequestration (Table 6). The conversion 
2 
of mangrove forest to aquaculture and oil palm estate greatly 
reduced forest biodiversity and carbon storage of forest 
biomass (Fitzherbert et al. 2008; Giri et al. 2008; Koh & 
Wilcove 2008a,b). Therefore it has been suggested that the 
environmental and land-use tradeoffs related to oil palm 
estate expansion can be largely avoided through the 
implementation of a properly planned and spatially explicit 
development strategy (Koh & Ghazoul 2010).
It has been reported that preventing mangrove loss has the 
potential of reducing global emissions for a cost of roughly at 
-1
less than $10 ton  CO , where the Asia and Oceania region 
2
has the largest potential emissions offset supply (Siikamaki 
et al. 2012). This recent study suggested that protecting 
mangrove for their carbon was an economically feasible 
scheme (Siikamaki et al. 2012). In this context, Indonesia 
plays an important role to reduce GHG emission from 
mangroves, since largest mangrove area in the world existing 
in Indonesia. 
Avoiding CO  emission could be achieved through 
2
protection of mangroves to maintain biodiversity together 
with implementation of good policies and good institutions  
(Caldeira 2012). We therefore recommend a proposal to 
Natural Resources Conservation Offices (Balai Konservasi 
Sumberdaya Alam/BKSDA) at Deli Serdang and Langkat 
Regencies to implement a strict management of land 
conversion to protect this mangrove wildlife reserve area. 
Developing scenario to reduce GHG emissions 
Developing mitigation scenario is important to determine 
activities that potentially contribute emissions reduction. 
Figure 4A shows GHG emission of business as usual (BAU) 
baseline without any intervention to climate change 
mitigation policy/technology. The approach was to set up the 
reference emission level using solely historical land-uses as 
the basis for predicting future emissions. The net cumulative 
of carbon dioxide emissions in KGLTLWR for 2006, 2012, 
2018, and 2024 were 3804.70, 6664.96, 8750.29 and 
-1
10,250.55 t CO -eq year , respectively. Whereas predicting 
2
-1
future emissions in 2030 was 11,318.74 t CO -eq year  or an 
2
increase of 33.61%. The emission scenario was developed to 
reflect the mitigation action and for the purpose of 
calculating potential future emissions in the case of this study 
until 2030.
Mitigation scenario was modeled in nature reserve zone 
without conversion in the secondary mangrove forest (Figure 
4B). Scenario takes place in the nature zone by preserving 
existing secondary mangrove forest and without conversion 
in secondary mangrove forest potentially reduced 5.99%, 
16.21%, and 25.8% carbon dioxide emissions in 2018, 2024, 
and 2030, respectively. A prohibition on the conversion of 
secondary mangrove forest to aquaculture or oil palm estate 
or other land-use is urgently required to preserve tropical 
biodiversity. A number of studies have been shown that oil 
palm plantation harbor far fewer forest-dwelling species than 
either primary or secondary forests (Fitzherbert et al. 2008; 
Koh & Wilcove 2008a,b). Furthermore, the proper actions 
are needed to maintain the presence of secondary mangrove 
forest with a relatively high carbon sequestration potential 
and promoting rehabilitation programs in the region, 
especially in shrubs, barren land or an abandoned 
aquaculture.
Deforested and degraded mangrove areas can be 
rehabilitated and restored (Giri et al. 2008). Mangrove forest 
and coastal forest rehabilitation is therefore important efforts 
to restore within the framework of regional development 
(Kusmana et al. 2005). The majority of agricultural areas and 
some of the aquaculture areas can be reforested. However, 
abandoned aquaculture areas are very difficult to rehabilitate 
or regenerate, mainly because of highly degraded by 
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Table 5 Main changes of land use and land-cover and their proportion 
  
   
 
 
Land use (2006)
 
Land use (2012) ha Proportion (%)
Shrub
 
Oil palm plantation 31.47 11.61
Secondary mangrove forest
 
Oil palm plantation 78.14 28.83
 
Aquaculture 135.48 50.00
Swamp
 
Aquaculture 25.92 9.56
Total
   
271.01 100.00
 
Table 6 Net emission and their contribution from land use change between 2006 and 2012 
 
 
Land use (2006)
 
Land use (2012)
 
Net emission 
(t CO2-eq year
-1
)
Contribution 
(%)
Shrub
 
Oil palm plantation
 
-182.42 -4.79
Secondary mangrove forest
 
Oil palm plantation
 
959.00 25.21
Aquaculture
 
3,223.90 84.73
Swamp
 
Aquaculture
 
- 195.76 -5.15
Total net emission (t CO 2-eq year )
-1
 
3,804.70 100.00
Total net emission per ha (t CO2 -eq ha .year)
-1
0.2833
Note: Value of (-) was defined as sequestration 
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pollution and pesticides (Giri et al. 2008). On the other hand, 
another scenario for emission reduction is applied by 
rehabilitating in nature reserve zone.  
Vegetation analysis of KGLTLWR was found 10 species 
namely Rhizophora apiculata, R. mucronata, Excoecaria 
agallocha, Soneratia alba, Avicennia alba, A. lanata, 
Aegiceras corniculatum, Bruguiera gymnorriza, B. 
parviflora, and Xylocarpus granatum, which R. apiculata 
and E.agallocha were dominant species (data not shown). It 
has been reported for rehabilitation of degraded areas, main 
mangrove species planted in Indonesia were B. gymnorrhiza, 
R. apiculata, R. stylosa, and R. mucronata (Field 1998). 
Several mangrove and coastal forest tree species that are 
suitable for being planted in coastal areas in the case of 
tsunami-affected such as in Nanggroe Aceh Darussalam and 
Nias Island are exclusive mangrove species such as R. 
apiculata, R. stylosa, R. mucronata, Avicennia marina, A. 
lanata, A. alba, S. alba, Ceriops tagal, B. gymnorrhiza, 
Aegiceras floridum, mangrove associates (Osbornea 
octodonta, Scyphiphophora sp.) which also fit for mangrove 
forest area, and furthermore other species for example 
Casuarina equisetifolia, and Terminalia catappa for coastal 
forest area (Kusmana et al. 2005). It is therefore vital to 
emphasize the significance of identifying the aim of carrying 
out a rehabilitation program and to integrate such purposes 
with the welfare of local communities dependent on the 
mangrove ecosystem for sustenance (Field 1998). In this 
context to KGLTLWR, the reforestation and rehabilitation 
can be implemented successfully by using the recommended 
species for degraded areas and mangrove propagules or seeds 
are also available in the area.
Furthermore, in the forest area, land-uses were 
recommended in the form of green belt, while in non-forest 
area, alternative land-uses could also consider the aspect of 
land potency and aspiration of local community that have 
productive purposes, as well as conservation purposes, such 
as conducting the activities of silvofishery. Reductive 
activities were also recommended, such as the use of swamp 
for mangrove rehabilitation (Kusmana et al. 2005).
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